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The Maari Field is a large oil field located in the southern part of the Taranaki 
Basin, New Zealand. The field is bounded by two major structures, the Eastern Mobile 
Belt and Western Stable Platform. The Maari Field produces 40,000 BOPD (Barrels of 
Oil per Day) from five wells from reservoirs in the Moki Formation. The Miocene Moki 
Formation was deposited as part of the Wai-iti Group and consists of sandstone 
interbedded with siltstone and claystone. The sandstone of the Moki Formation is 
characterized by a submarine fan. It is distributed along the southern and central 
Taranaki shelf. Three-dimensional seismic data and well logs were recorded by the 
Geco-Prakla Company. Time and depth structural maps on the top of the Moki 
Formation are subdivided into a main structure with high and low elevations of 
topography, which are separated by a major fault, the Kiwi Fault. The fault trends from 
the south toward the northeast. Seismic attributes, such as coherence and edge detection, 
were mapped to interpret the major and minor faults. In the Maari Field, there are more 
than seventeen faults. Seismic data and well log data were used to determine the 
petrophysical properties in the Moki reservoir. Using the well logs, the transition zone 
(oil-water contact) between the oil and water was found to be 1352 m. The Moki 
reservoir has good quality oil, with an average porosity at Maari-1, Maui-4, Kea-1, 
Moki, and Maari-2 ranging from 14 to 19 percent. Gamma ray, resistivity, and 
spontaneous potential logs were used to determine correlation between well and 
lithology of the Moki reservoir. The net thickness of the reservoir is 320 m to 360 m. 
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1.1. OVERVIEW OF THE MAARI FIELD 
The Maari Field is situated in the southern portion offshore of the Taranaki Basin, 











The history of the Taranaki Basin started in the middle of the Cretaceous-
Paleocene, which was dominated by extensional tectonics (Crowhurst et al., 2002). Rapid 
and sometimes fault-controlled subsidence occurred during this period of time. The 
architecture and most structures in the basin were formed during the Neogene. In the 
southern portion, where the Maari Field is located, there are many different structures, such 
as normal and reverse faults. The Maari Field has several groups of formations. The focus 
of this study is the Moki Formation, which is a part of the Miocene Wai-iti Group (King 
and Thrasher 1996). The Moki Formation is a sandstone formation that was deposited in 
the Middle Miocene (De Bock, 1994), and it was concentrated in the southern and central 
portion of the Taranaki Basin. The Moki sandstone is controlled by a submarine fan. The 
thickness of the Moki Formation ranges from 250 to 350 m.  
The Taranaki Basin is the only basin in New Zealand that produces hydrocarbons 
commercially. It includes the southern portion of the basin field, where the Maari, Maui, 
and Tui fields are located (Bradley, 2012). In the southern unit, the fields produce almost 
70 percent of oil or almost 180 million Barrel of Oil Equivalent (BOE) annually from the 
Taranaki Basin. The most important formation in the Maari Field is the Moki Formation, 
where the best hydrocarbon production were found in many wells. It has been providing 
the reservoir in the Maari Field, which is currently under development Grain (2008). 
Three-dimensional seismic and well data from the maari field within an area of 500 
km2 were used for this study of five wells .Each well has logs that provide lithology and 
reservoir characterization, such as gamma ray, resistivity, and sonic logs. The target of this 
study is to understand the lithology and structure of the Moki Formation, which is presented 




The software used in this study were the Petrel, 2012 and Kingdom 2015. 
Numerous maps such as time structure, depth structure, amplitude, and time slice were 
generated, providing seismic interpretations. The analysis also revealed Seismic attributes 
such as coherence, Variance, edge, and dip angle were analyzed. In addition, analyses of 
well logs and their fluid properties were conducted for lithology and reservoir 
characterization. 
1.2. AIM OF THE STUDY  
The aim of this study is to understand the geological setting of the Maari Field, 
identify the structure features by using seismic interpretation and seismic attributes, carry 
out well log analysis to infer the reservoir characterization and how it affects hydrocarbon 



























2. GEOLOGICAL SETTING 
 
2.1. GEOLOGICAL HISTORY OF THE TARANAKI BASIN 
New Zealand is a submerged landmass that separated from Gondwanaland in the 
Late Cretaceous (Mortimer et al., 2009). The Taranaki Basin is a sedimentary basin located 
along the western coast of North Island, New Zealand that lies above the subduction 
between the Pacific Plate and the Australian Plate. The Pacific Plate is moving under the 
Australian Plate at the rate of 40 mm per year (Figure 2.1). Beneath the Taranaki Basin, 
the present depth of the subduction is about 150 to 250 km (Walcott, 1978; Grain,2008). 
The formation of the Taranaki Basin began by a variety of tectonic processes. The basin 
was first formed between the Early to Late Cretaceous, due to a failed rift along the 
Gondwanaland margin (Thrasher, 1990). The initial rifting and subsidence continued 
throughout the Cretaceous. The basin undergo a complex history of subsidence, 
compression, and additional rifting since its early rift phase. Based on King et al. (1999) 
and King (2000), the changes in the plate margin evaluation have controlled processes such 
as the geometric, subsequent infill, and the petroleum system of the Taranaki Basin.  
The history of exploration in the Taranaki Basin began in the twentieth century, 
and hydrocarbon production has been continuous since 1866 (Garcia and Wooltorton 
2014). The Taranaki Basin covers both onshore and offshore areas of approximately 
100,000 km2 (King and Thrasher, 1996). Approximately 90 percent of the basin is an 
offshore feature, with the Taranaki Peninsula and the northwest Nelson area as the only 
onshore parts (Strogen et al., 2009). The thickness of sediments in the Taranaki Basin 







Figure 2.1. Location of the Taranaki Basin. The Pacific Plate is subducting beneath the 




Based on Kamp et al. (2004), the basin is bounded by a variety of structures. To the 




Tongaporutu High. These structures are covered by sediments that were laid down during 
the Late Miocene and Pliocene (Kamp et al., 2004). Other borders are less well defined in 
the basin. In the south, the basin combines with a subbasin along the west coast of South 
Island, New Zealand. In the west, the basin extends beyond the present continental shelf. 
The northern boundary of the basin merges with the North Basin (King and Thrasher, 
1996). 
A varied history of tectonic activity has divided the Taranaki Basin into two main 
regions, i.e., the Western Stable Platform and the Eastern Mobile Belt (Figure 2.2). The 
Eastern Mobile Belt is deformed as a result of a collision between the Australian Plate and 
the Pacific Plate (Strogen et al., 2009). Since the Late Cretaceous, the Western Stable 
Platform has been reformed by rifting (Palmer and Andrews, 1993). These Structure 
regions are separated by the Cape Egmont Fault Zone. Later, they are subdivided into the 
Southern Inversion Zone, Tarata Thrust Zone, and the Central and Northern Grabens 
(Figure 2.2; King and Thrasher, 1996; Strogen et al., 2009). The Maari Filed is located in 





Figure 2.2. The Western Stable Platform and the Eastern Mobile Belt with the Northern 









2.2. STRATIGRAPHY OF THE TARANAKI BASIN 
From the Late Cretaceous, the sedimentation of the Taranaki Basin reflects a broad 
transgressive-regressive sea level change (Figure 2.4; Nodder , 1993). The early phase of 
the basin development occurred in the Late Cretaceous and was controlled by extensional 
faulting and syn-rift deposits associated with the breakup of Gondwana (King and 
Thrasher, 1996; Thrasher, 1990). The Late Cretaceous sediment were deposited in many 
subbasins, with a thick subbasin deposited in the southern Taranaki Basin. That collected 
as terrestrial sediments, which were formed by interbedded coal measures and a sandstone 
sequence in the Pakawaw Group (King and Thrasher, 1996). The Pakawaw group is 
covered by a passive margin which occurred during the Paleocene and Eocene, as the sea 
transgressed over the entire region. At that time, terrestrial to marginal marine sequences 
were deposited in the Kapani Group (Figure 2.4).  
During the Oligocene, the tectonic movement was quiescent and the amount of 
clastic rock was reduced to the widespread deposition of the Ngatoro Group (Figure 2.4), 
where the limestone and calcareous mudstone accumulated throughout the basin (King and 
Thrasher, 1996). The deposition of the Ngatoro Group is accompanied by a major change 
in the tectonic system in the Taranaki Basin. In the Miocene, the active compression 
tectonics increased the effect of the amount of clastic sediments supplied to the foreland to 
the west in the Taranaki Fault (King and Thrasher, 1996). As a result of this compression, 
the deposition is bathyal mudstone, with a thickness of more than 1000 m, comprising the 
Manganui Formation (Grain 2008; King and Thrasher, 1996). The bathyal mudstone is 
controlled by the Miocene interval. The mudstone is interrupted by multiple interbedded 




Mount Messenger Formation, and the intra-Manganui sandstone in the Wai-iti Group 
(Figure 2.4).  
In the Mid-Miocene period, the Manaia Fault (Figure 2.2) was active, and the effect 
of this fault had up-thrown the Manaia anticline to shelf depths in the area near the Kupe 
Field (Figure 2.3; King and Thrasher, 1996). Also, during the Miocene period, the Cape 
Egmont Fault Zone (Figure 2.2) was interpreted to have been an active reverse fault that 
influenced the shape of the basin, the supply of sediments, causing the distribution of 
submarine fans.  
In the Late Miocene to Pliocene, there was a switch in the direction of the tectonic 
activity from compression to extension. This resulted in the Northern and Central Grabens 
(Figure 2.2). The extension was accompanied by normal faulting and extrusion, resulting 
from the Mohakation Volcanics. This possibly intrusive volcanic activity migrated 
southward at this time (King and Thrasher, 1996; Palmer and Andrews, 1993). During the 
same period, the Rotokare Group was deposited. The Rotokare Group developed large 
clinofoms, known as the Giant Foresets Formation, which is a prograding wedge of 
sediment toward the northwest (Beggs, 1990; King and Thrasher, 1992). 
The stratigraphy of the Moki Formation in the Maari Field can be identified from 
wells Maui-4 and Moki. The Moki Formation is part of the Miocene Wai-iti Group, as 
illustrated in Figure 2.5 (King and Thrasher, 1996). Strogen et al., (2009) proposed that the 
formation includes all Middle to Late Miocene sandstone units in the Taranaki Basin. The 
replacing of the Mokau Group is also from the Middle to Late Miocene, but with a different 
type of deposition (nonmarine to shelfal) from the King Country Basin which is located at 




Formation consists of only the well-developed sandstone sequence of the latest Early 
Miocene to the early Middle Miocene. Mudstone-dominated rocks that encapsulate the 
nonmarine to shelfal strata formation outcrop extensively in the King Country Basin, which 



















2.3. DEPOSITIONAL SYSTEM OF THE MOKI FORMATION 
The Middle to Late Miocene sequence in the Taranaki Basin that contains a 
significant amount of sandstone is known as the Moki Formation (Strogen et al., 2009). 
The Moki Formation sand (coarse-grained clastic), which was deposited in the basin in the 
Clifdenian, is concentrated in the southern and central parts of the basin. The sandstone is 
dominated by a submarine fan with a thickness of 250-350 m deposited on the deep basin 
floor. The increasing coarse size in of the Moki Formation demonstrates a characteristic of 
a progradational submarine fan system. The less well-developed submarine fan system 
extends as far as the central Taranaki Peninsula and an area offshore north of the peninsula. 










2.4. THE PETROLEUM SYSTEM OF THE TARANAKI BASIN 
A petroleum system includes all the elements that are fundamental for oil and gas 
accretion (Selly, 1997). The process of petroleum accumulation includes trap formation 
generation, migration pathway, and the volume of hydrocarbons. Figure 2.7 shows the 
petroleum system in the Taranaki Basin. 
2.4.1. Source Rocks. Source rocks refer to any rocks that have the property to 
generate and drive out enough hydrocarbons in good quantities to make drilling for oil 
feasible (Selly, 1997). The main source rocks in the Taranaki Basin are Upper Cretaceous 
to Eocene coals and clay mudstones of the Pakawaw Group, such as the North Cape, 
Farewell, Rakopi , Kaimiro, and Manghewa formations (Figure 2.4; Killops et al., 1994). 
The coals and carbonaceous mudstone in the basin have an average total organic carbon 
(TOC) content of approximately 10% and a hydrogen index (HI) volume of over 150 mg 
HC/g. 
2.4.2. Reservoir and Seal Rocks.  In the Taranaki Basin, the petroleum reservoir 
lies along the Paleocene shoreline and in the coastal plain sandstone as part of the Farewell 
Formation (Bradley, 2012). The younger petroleum reservoir rock was formed during the 
Miocene Epoch as a slope channel with basin floor fan deposits (Moki and Mt. 
Formations). The seal rock formations of the Taranaki Basin were formed in the Eocene to 
Oligocene and Lower Miocene, with maximum flooding siltstone and marls, which form 
the Turi, Otaraoa, and Taimana formations. The secondary seals of mudstone occur in the 












3. DATA AND METHODS 
 
 
3.1. SEISMIC DATA 
The seismic data utilized in this study consist of a three-dimensional seismic cube 
in the SEG-Y format. It covers approximately 500 km2 of the Maari 3D Taranaki Basin, 
(Figures 3.1 and 3.2) .The data were acquired by the Geco-Prakla Company. The Maari 











Figure 3.2. Basemap of the 3D seismic of the Maari Field. There are five wells. 1846 Inline 
and 2631 crossline in the field. 
 
 
3.1.1. Data Acquisition Parameters. The data acquisition of the Maari filed is 




5th generation cluster air gun arrays. The data acquisition parameters of the energy source, 
streamers, and recording are listed in Table 3.1. 
 
 






3.1.2. Well Data. The well data collected from the Maari Field included 
information taken from well logs, which are available in digital format. This data include 









3.2. INTERPRETATION SOFTWARE  
The Kingdom Suite Package (version 8.8) and Petrel 2012 were used in the study 
for both seismic data interpretation and well log analysis. The Kingdom Suite Package 
utilized in this study includes the 2d/3d-EarthPAK, SynPAK, LogPAK, and VuPAK. The 
SynPAK was used for constructing synthetic seismograms and seismic matchings. It was 
also used to display synthetics on a seismic sections. The 2d/3d-Earthmk was used to 
interpret the horizons and the faults. It was also used to create structural maps. The Petrel 
Software was developed by Schlumberger for interpretation, forward modeling as well as 
reservoir simulations.  The 3D seismic dataset of the Maari Field was loaded to the Petrel 
software to extract seismic attributes, which include surface and volume attributes.  
 
3.3. METHODOLGY 
Both the 3D seismic data and well log information were imported to the Kingdom 
Suite and the Petrel software. A time-depth chart was used to convert the formation tops 
from the depth domain. Density, sonic, and gamma rays were then used to generate and 
display synthetic seismograms on the seismic section for horizon picking. 
The horizon along which the top of the reservoir was mapped throughout the study 
was interpreted next. A number of maps were generated, which include a time structure, 
isochron map, a depth map, coherence map, an edge detection, and dip angle maps. The 
area’s structure was quite clear. Major and minor faults were traced and interpreted by 
picking and generating the fault molding. The final step was to interpret the well data and 












4. SEISMIC INTERPRETATION AND SEISMIC ATTRIBUTES 
 
 
4.1. SYNTHETIC SEISMOGRAM GENERATION AND WELL TO SEISMIC 
TIES 
The well log data, along with the time-depth information and the formation top data 
for each well was loaded into the software. A seismic wavelet (Figure 4.1) was then 
extracted from the seismic data. A resistivity log, density log, sonic log, and gamma ray 
log were each convolved with this wavelet to create a synthetic seismogram. This 
seismogram was then compared with a trace extracted from the three-dimensional seismic 
volume within a radius of 1000 feet of the borehole’s location. An example of both a 
synthetic seismogram and a seismic trace is presented in Figure 4.2.  
After generating the synthetic generation, the seismogram was matched with the 
extracted trace near the well. The seismogram was then displayed on the vertical sections 
and used to tie the formation tops on the synthetic seismogram to those on the vertical 
seismic section near the well (see Figure 4.3). 
 
4.2. HORIZON AND RESERVOIR INTERPRETATION 
Two horizons are the target of this study id the Moki formation (traced and 
interpreted). The top of the Moki Formation is indicated in yellow, and the base of the 










Figure 4.2. Synthetic seismogram of Well Maui-4, showing the top and base of the Moki 





















A series of maps are constructed to understand the structure and stratigraphy of 
the formation.   
4.2.1. Time and Depth Structure Maps. A time structure map of the top of the 
Moki Formation is shown in Figure 4.4. The higher points are located at the southeast 
portion of the Maari Field near wells Maari-1, Maari-2, Maui-4, and Moki-1. The higher 
area is bounded to the west by a major fault system, i.e., the Kiwi Fault Zone, which trends 
toward the north, then turns northeast. Figure 4.5 is the depth map illustrating the location 





Figure 4.4. Time structure map of the top of the Moki Formation. The red color represents 






Figure 4.5. Depth structure map of the top of the Moki Formation. The red and yellow are 
higher structure, the depth structure change gradually to lower structure in west and north. 
 
 
4.2.2. Isochron Map. The isochron map from the top and base of the Moki 
formation is shown in Figure 4.6. The spatial variation in time thickness within the Moki 
Formation ranges from 200 m to 350 m. The color variation within the map highlights two 




yellow. This variation in the distribution of the thickness of the Moki Formation is 
controlled by the major fault system, the Kiwi Fault Zone. In the western of the Fault, the 









4.2.3. Time Slice. The time slice at 1.3 s shows the amplitude distribution of the 
Maari Field. The Kiwi Fault is visible trending from SSW to NNE direction. In the eastern 
part of amplitude time slice in Maari Field shows low amplitude distribution that indicated 




Figure 4.7. Time slice at 1.3 s of the Maari Field. Black indicates positive amplitude; Red 






4.3. SEISMIC ATTRUBITE MAPPING  
Seismic attributes have been widely used for fault interpretation since the 
introduction of 3-D seismic data (Chopra and Marfurt, 2007). Coherence, dip, edge, and 
variance attributes are extracted from the seismic data to investigate fault systems in the 
Maari Field.  
4.3.1. Coherence and Variance Attribute. Bahorich and Farmer (1995) 
developed the concept of seismic coherency, which can be used to identify geological faults 





Figure 4.8. Coherence map at 1.3 s through the Maari Field, showing the south-southwest 
to north-northeast orientation of the faults. The northeast distortion is subdivided into 





A high coherence coefficient indicates good continuity between seismic traces, 
while a low coherence coefficient indicates discontinuities, such as faults or channels. The 
opposite of coherence is the variance attribute (Abul Khair et al., 2012). Coherence and 
variance maps at 1.3 s in the Maari Field are shown in (Figures 4.8 and 4.9).The major and 
several minor faults are revealed from maps. The low coherence and the high variance that 
progresses from the south to the north-northeast is the Kiwi Fault. Two minor faults lie at 
the southwest portion of the Moki well. In the southeast, another fault are by red arrows. 
The northeastern Maari Field has a distortion structure that is indicated by several faults 





Figure 4.9. Variance distribution at 1.3 s through the Maari Field, showing the major fault 
system, the Kiwi Fault, turning to the northeast, with minor faults shown with red arrows. 





4.3.2. Edge Detection and Dip Angle Maps. The dip attribute is useful for 
structural details in structural interpretation. The dip map has been documented by Dalley 
et al. (1989). A change in the dip on the map is highlighted, so continuous interpretation 
across the fault will result in a change in the dip of the horizon (Hesthammer and  Fossen, 
1997). The dip map of the top of the Moki Formation has a tendency to highlight linearity 
(represented by purple color in Figure 4.10.). The Kiwi Fault runs northeast of the Maari 
Field. The dip map can be used to clarify the most subtle changes in the dip, so that it is 
possible to image the fault with offset to approximately 5 m (Hesthammer and Fossen, 
1997). The Maari Field dip map shows minor faults in different directions (Figure 4.10.). 
The major fault subdivides into several small faults, indicating that those faults are 
branches of the Kiwi Fault System.  
The edge detection attribute is opposite of a spatial smoothing filtering technique. 
The dip and azimuthal variations are combined in edge detection’s algorithm. The results 
are normalized to local noise surface (Rijks and Jauffred, 1991). This noise surface 
overcomes the difference between the dip and the azimuth attribute that was identified. The 
edge detection map was generated by Petrel® Software (Figure 4.11.), is able to image the 
subtle fault with offset distance less than 15 m (Manzi et al., 2012). Both edge detection 
and dip angle maps are used to clarify structure of the Moki Formation. These maps show 
a clear major fault (Kiwi Fault) and numerous minor faults. The Kiwi Fault Zone is 
propagated north, then turns northeast. The northern plunge in the Maari Field is divided 
into several closure faults that are effected by major system fault, Kiwi Fault (Figures 4.10., 





Figure 4.10. Dip angle from the top of the Moki Formation, showing the Kiwi Fault, which 





Figure 4.11. Edge detection map from the top of the Moki Formation showing the major 











Figure 4.12. Edge detection map from the top of the Moki Formation showing the major 
and minor faults in 3D viewing. The boundary of the major fault is visible in red. 
 
 
4.4. INTERPRETING THE FAULTS AND GAS CHIMENYS  
4.4.1. Fault Interpretation. The Kiwi fault zone is an extensional fault system that 
turns from north to northeast. The Kiwi Fault is the major fault in the Maari Field, as 
depicted in Figure 4.13, which shows an integrated display of the edge detection and fault 
picking. In the Maari Field Well Maui-4, Maari-1, Maari-2, and the Moki are bounded to 
the west by a major fault system. As indicated in Figure 4.13, the Kiwi Fault Zone 
progresses north, turns northeast, and divides the northern plunge into several small fault 





Figure 4.13. An edge detection map displayed with fault picking result, showing the 
direction of the Kiwi Fault from south to northeast. 
 
 
4.4.2. Fault Modeling. After picking seventeen faults that are effect both of the top 
and base of the Moki Formation in the Maari Field, a long inline direction a fault polygon 
is generated (Figures 4.14 and 4.15a). The resulting fault polygon integrated with time 
structure maps of the top and base of the Moki Formation (Figure 4.15b). Petrel® Software 
was used to generate the fault modeling, which can verify the presence of faults (Figure 
4.14). All of the major and minor faults are depicted in this model. Figure 4.15a shows the 




northeast part of the Maari Field shows several faults (Figure 4.15a), the fault modeling in 




Figure 4.14. Major and minor faults of the Marri Field. Seventeen faults were picked 



































































































































4.4.3. Prospect Area (Gas Chimeny and Bright Spot). A total of 394 gas 
chimneys are located in the southern Taranaki Basin (Figure 4.16; llg et al., 2012). Most 
of gas chimneys are located in the east of the Manaia Fault and related to the faults. The 
Taranaki Basin modeling of hydrocarbon generation and expulsion shows that gas was 




Figure 4.16. Gas chimney distribution in the southern Taranaki Basin and most of the gas 
chimneys are present east of the Manaia Fault which is the major fault in the basin (Ilg et 
al., 2012). 
     





Figure 4.17. Geological structure section showing the different migrations of gas from 
difference source rock ages (llg et al., 2012). 
 
 
Gas chimney can be identified on seismic section due to acoustic impedance, the 
root mean square seismic attribute, and the variance seismic attribute. In the western part 
of the Maari Field, a fault related gas chimney was found in inline 1668 where amplitude 
were reduced due to gas chimney effect. This gas chimney migrated from the source rock 
at a depth of more than 3000 m (Figure 4.18). Bright spots at the top of the gas chimney 
are visible due to lowering of acoustic impedance. The seismic attribute used to identify 
the gas chimneys was the root mean square (RMS). A higher and middle volume of RMS 
indicated hydrocarbon distribution through the sandstone area (bright spot and gas 
chimney), and a low RMS indicates the good seal rocks. Figure 4.19 shows the middle 
volume of the RMS section, which indicated that the hydrocarbon distribution was a gas 
chimney. The gas had a middle volume amplitude which very clear visible in the RMS 




4.20). The variance seismic attribute which is the opposite of the coherence attribute 
calculated the differences and similarities in traces. The variance in gas chimney 
interpretation is used to determine the fault with gas chimney in the Maari Field. The high 
volume of the variance attribute indicated discontinuous traces, and the low volume of the 
variance indicated continuous traces. Figure 4.21 shows the variance attribute section for 
inline 1668.The area circled in black is an evidence of a gas chimney which is related to 
















































































































































































































5. WELL LOG AND RESERVOIR CHARACTERIZATION 
 
  
5.1. WELL LOG ANALYSIS  
Geophysical well logs are used to identify the lithologies of the subsurface 
formations (Pezeshk, 1996). The most common geophysical logs used to delineate 
subsurface features are resistivity, spontaneous potential (SP), and gamma ray (GR) logs. 
In general, the lowest resistivity is interpreted as silt, clay, and shale. Medium to high 
resistivity is marked as sand or gravel with freshwater (Driscoll, 1986). Gamma ray logs 
measure the amount of radioactive materials (Pezeshk, 1996). Because shale is comprised 
of highly radioactive materials, shale has a high number of gamma rays. Spontaneous 
potential (SP) logs measure the natural electric potentials produced by a physiochemical 
change at the interface of the subsurface strata. 
The wells used for this study are Maui-4, Maari-1, and Kea-1. The well logs of 
gamma rays, resistivity, and spontaneous potential are available from the wells. The 
spontaneous potential was recorded at all wells except the Maari-1. Gamma rays give either 
a high or low reading (Figure 5.1), with the high reading from shale or lower readings from 
sandstone or limestone. The spontaneous potential logs can be used to determine the layer 
lithology. Deflecting to the left means sandstone or limestone, and to the right indicates 
shale. The resistivity logs are used to identify the hydrocarbon in the sandstone layer. If 
the deflection increases, a hydrocarbon is present. In the Moki reservoir, limestone and 
siltstone are interbeded with sandstone. The thickness of the reservoir in the Moki 




toward the north, the in well the Moki formation Kea-1 become thin. The low resistivity 









5.2. CHARACTERIZATION OF THE RESERVOIR  
The reservoir characterization are studied, and the reservoir properties between 




estimate the properties within the reservoir (Le Ravale-Dupin, 2005), and are the only data 
that can be used to compare reservoir volumes in different locations. From well logs, 
geological properties can be assessed by intergrading seismic and petrophysical logs 
(Doyen, 2007). Rock properties within the Moki reservoir, such as fluid types (gas, oil, or 
water), petrophysics, and lithology, can be generated by using this analytical technique to 
understand the reservoir  
5.2.1. Cross-plot Analysis. Cross-plots for Well Maari-1 were used to understand 
the lithology and physical rock properties of the Moki Formation. 
5.2.1.1. Cross-pot of gamma ray and density.  A sandstone layer has a low 
number of radioactive materials, so it is essential to measure the radioactivity in the Moki 









Figure 5.2. shows the cross-plot between the gamma ray and bulk density logs in 
the Moki Formation. This cross-plot is subdivided into two zones. Zone A has a high 
number of radioactive materials, indicating that sandstone is interbedded with siltstone or 
claystone. On other hand, Zone B has a low amount of radioactive materials, suggesting 
that this is a layer of only sandstone without interbedding.  
5.2.1.2. Cross-plot of gamma ray and porosity. The gamma ray and porostiy 
cross-plot can be used to determine the hydrocarbon ratio in the formation along with the 
nitrogen distrubution. Figure 5.3 subdivid the Moki Formation into two main zones. Zone 
A has low porosity and a high number of gamma rays, which indicates that there is little 
hydrocarbon or nitrogen. Zone B has a low number of gamma rays and high porosity, which 









5.2.2. Petrophysical Analysis. The Moki Formation consists of sandstone 
interbedded with siltstone and mudstone, with common limestone stringers (King and 
Thrasher, 1996). The well log analysis compares the resistivity, sonic, gamma ray, and 
density logs in Well Maari-1, which is a production oil well. The high resistivity logs and 
the low results for the gamma ray, sonic, and density logs indicate a clear sandstone unit 









On the other hand, the low resistivity and high gamma ray, sonic, and density logs 
show the presence of siltstone, mudstone, or limestone. Figure 5.5 compares the gamma 
ray and porosity logs for the Moki Formation to identify properties of lithology. The figure 
shows the interbedded sandstone represented by increases in gamma rays as well as low 










5.2.3. Fluid Distribution. The Moki Formation sandstone is subdivided into oil 
sandstone and water sandstone. Well Maari-1 is used to identify the actual depth and 
thickness of hydrocarbon and water saturation within the Moki Formation. Hydrocarbon is 
represented by the dark blue color in the petrophyical log analysis (Figure 5.6).  
 
   
 
Figure 5.6. Petrophysical analysis for the Moki reservoir at Maari-1. 
 
 
The top of the Moki reservoir has a high hydrocarbon composition which indicates 
the presence of hydrocarbon. However, the water saturation (WS) logs are lowest at the 
top marked by the red circle, indicating there is oil sandstone. The high WS at a depth of 
approximately 1352 m indicates water sandstone. As shown in Figure 5.7, the permeability 
distribition within the Moki reservoir is high at the oil zone and lowest at water zone, 
revealing that a high amount of hydrocarbon lies within oil zone. Typically, the 




hydrocarbon. In the Moki reservoir, the resistivity logs (RT) are high at the oil zone of the 
Moki Formation. The logs show less resistivity with increasing depth, which indicates 
water saturation. The oil and water contact (OWC) which is transition zone between oil 




Figure 5.7. Permeability distribution through the Moki reservoir within oil-water zones and 
oil-water contact (OWC). 
 
 
5.3.4. Petrophysical Result. From log analysis, we were able to estimate 
petrophysical properties, such as lithology, porosity, water saturation, and the density of 
sandstone. The Maari-1, Maui-4, and Kea-1 are described in details in Tables 5.1 to 5.5. 
5.3.4.1. Porosity. The ratio between the empty space and the total volume of rock 
is called porosity (Halliburton, 2001). There are different ways to calculate the porosity in 
the reservoir from logs if they are available. The most important logs to generate the 




affect the porosity interpretation, such as the lithology, liquid type, mud cake, shale, and 
pressure of the reservoir (Asquith and Krygowski, 2004). The porosity at Maui-1 is found 
14%, at Maari-1 is found 19% and at the Kea-1 is found 3%.  
5.3.4.2 Effective porosity. The effective porosity is the interconnected porosity 
volume though free fluid (Halliburton, 2001). The effective porosity can be determination 
from the sonic, neutron, and density logs. In the sonic logs, the effective porosity is 
calculated by using the equation below (Asquith and Krygowski, 2004). The function 
below shows the relationship between the neutron and density logs to calculate the effective 
porosity: 
 
Effective Porosity ФE =  
ФN+ ФD 
2
                       (1) 
 
Which the ФN is the neutron logs, and ФD is the density logs. 
Also, the porosity can be generated from the sonic log (ФS) 
Effective Porosity ФE=ФS  
 
ФS is the sonic derived porosity that generated from time-average equation (Asquith and 
Krygowski, 2004). 
 
                                     ФS= 
𝛥 𝑡 log − 𝛥 𝑡 𝑚𝑎𝑡
𝛥 𝑡 𝑓− 𝛥 𝑡 𝑚𝑎𝑡 
                                          (2) 
 
Where  
𝛥t mat is crossing time of the matrix material. 





As part of the petrophysical analysis, the porosity and the effective porosity were 
calculated from the sonic and density logs. Effective porosity for Maui-4 is found 20%, for 
Maari-1 is found 23% and the Kea-1 is found 5%. 
5.3.4.3. Water saturation. The most important factor in determining the oil in 
place and gas in place is the distribution of the water saturation (Ringen et al., 2001). From 
log analyses, such as resistivity logs, electrical parameters, and capillary pressure data 
assess the water saturation can be assessed. Typically, it is necessary to know the saturation 
of oil, gas, and water in order to know their values in the rock. Without saturation, there 
cannot be fluid distributed through the rock of the reservoir. The water saturation is the 
rock pore value that is filled by water. The water saturation for Maui-4 is found 10%, for 
Maari-1 is found 13% and for Kea-1 is found 3%. Water saturation was generated from the 
resistivity logs (Tables 5.1 to 5.5). 
5.3.4.4. Volume of shale (VSH).  The volume of shale (Vsh) is the most important 
factor to determine the rocks’ lithology within the reservoir. Vsh was calculated from the 
GR logs at almost all wells. Gamma rays are useful in indicating the amount shale in a 
layer (Asquith, 2004). The volume of shale found in the Moki Formation was estimated 
using data from the Maui-4, Maari-1, and Kea-1 (Figure 5.8). The Moki reservoir has a 
low volume of shale. The formation above the reservoir has a high shale volume that 
indicates the Moki reservoir is covered by massive claystone (cap rock). The volume of 
shale at Maui-4 is found 7%, at Maari-1 is found 4% and the Kea-1 is found 13%. For more 







Figure 5.8. Distribution of the volume of shale and cap rock above the Moki reservoir. 
 
 
5.3.4.5. Net to gross ratio.  Net-to-gross (NTG) is the ratio between gross and net 
pay. The gross pay is the thickness of the reservoir and the net pay is the total oil or gas 
production in the formation. The NTG was generated from data collected at Maui-4, Maari-












































































Three-dimensional seismic integrated with well log data were used to interpret the 
architecture of the Miocene period Moki Formation in the Maari Field. The main reservoir 
in the Maari Field is the Moki reservoir, which consists of sandstone. The sandstone in the 
formation is interbedded with a thin layer of siltstone and claystone. The Moki Formation 
is the most important formation in the Maari Field for producing oil. The source rock of 
the Taranaki Basin is upper Late Cretaceous, comprised of coals and clay mudstone of the 
Rakopi groups. The wells, Maui-4, Moki, Maari-1, and Maari-2, are producing oil from 
the Moki reservoir. The Kea-1 well, which is located in the north portion of the Maari 
Field, is dry because the elevation of the Moki oil-water contact is too low. Based on 
seismic data and well log analysis, the following main conclusions can be reached: 
1. The horizon interpretation for the top and base of the Moki Formation shows high in 
SSE and the low structures in Western and NNE throughout the Moki Formation. 
2. The seismic attribute map defined the main features of the Maari Field and located the 
major and minor faults. Seismic attribute maps such as coherence, dip, edge detection 
were used for structural interpretation. 
3. The cross-plot analyses provided the lithology and density of the Moki Formation. The 
average density of the Moki reservoir is 2.5 g3/cm, indicating a sandstone layer. 
4. The average porosity of the Moki Formation was calculated from logs, such as sonic and 





5. The average water saturation calculated for the Moki Formation is 10% for the whole 
formation. The water saturation was generated from the resistivity logs. 
6. Oil-water contact was calculated from the resistivity logs. The oil-water contact is 
located at 1350 m. 
7. The volume of shale is less than 10% of the total formation. 
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